Objectives: The spread of ESBL-producing Enterobacteriaceae among food animals/products has raised concerns about their possible transmission through the food chain. We aimed to characterize piggeries (pigs, piggery environments) as reservoirs of TEM-52-and CTX-M-encoding plasmids and clones.
Introduction
The increased occurrence of extended-spectrum b-lactamase (ESBL)-producing Enterobacteriaceae in humans, food-producing animals and food products has been raising concern about their possible transmission through the food chain. 1 -3 In fact, the identification of clones and/or mobile genetic elements (plasmids and/or transposons) from non-human origins homologous to those circulating in humans suggests a common source. 1,3 -6 TEM-52, SHV-12, CTX-M-1 and CTX-M-32 are the most frequent ESBLs reported among Enterobacteriaceae from food animals, although the distribution of particular variants seems to be uneven in different hosts (poultry, pigs and/or cattle), probably influenced by the bias of the available studies. 1 -3 The spread of these ESBL types has been previously associated with particular epidemic plasmids (mostly from IncI1 or IncN types), 5,7 -10 in most cases identified in a diverse Escherichia coli population. 5, 11, 12 Epidemiological data concerning ESBL-producing Enterobacteriaceae from food animals and also from their production environment are important to identify reservoirs and transmission pathways of bla ESBL genes, but data are scarce and/or limited to specific countries and/or hosts (mainly poultry). 2, 3 In previous surveys, we found a low incidence of ESBLs (5.7%; only SHV-12 in Citrobacter freundii) among Enterobacteriaceae from swine in Portugal (1998 and 2004) . 13 More recently, diverse CTX-M variants and SHV-12 have been identified in E. coli isolates from a few pig farms. 14, 15 In this study, we characterized animals raised in different piggeries and their environment as reservoirs of TEM-52-and different CTX-M-encoding plasmids and clones. 
Materials and methods
Forty-three samples recovered from five intensive production piggeries using large-scale production (LSP) and small-scale production (SSP) located in the north (n ¼9, piggery E; n¼13, piggery F, both LSP), centre (n ¼10, piggery C, LSP) and south (n¼1, piggery A; n¼10, piggery B, both SSP) regions of Portugal (April 2006 to May 2007) were analysed. Sample processing was performed as previously described, and included culture on MacConkey agar plates supplemented with ceftazidime (1 mg/L) or cefotaxime (1 mg/L) followed by selection of isolates representing different morphotypes and antibiotic susceptibility patterns. 13 ESBL production was inferred by the standard double-disc synergy test and confirmed by PCR and sequencing of bla TEM , bla SHV and bla CTX-M products. 13 The twentytwo ESBL (13 TEM-52, 6 CTX-M-32, 3 CTX-M-1)-producing E. coli isolates identified in samples from swine (n¼10; faeces and skin) and piggery environments (n¼12; feed from common food suppliers, liquid manure) collected at two geographically distant piggeries (piggeries E and F, 2007) were further characterized in this study.
Bacterial identification, antibiotic susceptibility testing and conjugation assays were performed as described previously. 13 Clonal relatedness was investigated by XbaI PFGE and multilocus sequence typing (MLST) (http://mlst.ucc.ie/mlst/dbs/Ecoli), and E. coli phylogenetic groups were identified as previously described.
12 ESBL-encoding plasmids were characterized by replicon typing (PCR, sequencing and hybridization), plasmid MLST (pMLST) and restriction fragment length polymorphism (RFLP) with EcoRI and HincII restriction enzymes. 6 -8 Epidemic ESBL-encoding plasmids identified in representative E. coli isolates circulating in humans and poultry in Portugal were compared with plasmids recovered from the piggeries. 13, 16 The presence of sequences linked to bla CTX-M genetic environments (ISEcp1, IS26, orf477 and bla OXA-1 ) and plasmid-mediated quinolone resistance [PMQR; qnr, aac(6 ′ )-Ib-cr and qepA] genes was investigated by PCR and sequencing. 9, 13, 17 Results and discussion TEM-52 was the most prevalent ESBL (n ¼13/22; 59%), followed by CTX-M-32 (n¼ 6/22; 27%) and CTX-M-1 (n¼ 3/22; 14%), indicating a higher diversity than that observed in our previous survey. 13 A few CTX-M-1-and CTX-M-32-producing E. coli isolates also harboured bla OXA-1 (n¼ 3/9) and/or bla TEM-1 (n ¼6/9) genes (Table 1) . ESBL-producing isolates were recovered from feed (n¼ 8, 36%; 4 CTX-M-32, 3 TEM-52, 1 CTX-M-1), swine faeces (n¼ 8, 36%; 5 TEM-52, 1 CTX-M-1, 2 CTX-M-32), swine hide (n¼ 2, 9%; 2 TEM-52) and liquid manure (n¼ 4, 18%; 3 TEM-52, 1 CTX-M-1), indicating wide spread of the corresponding bla ESBL genes in both animals and surrounding environments. These ESBL types are common among Enterobacteriaceae of both human and non-human origins in different European countries, including Portugal. 3,5,10 -16,18 However, our study constitutes the first report of TEM-52-producing Enterobacteriaceae from healthy pigs and swine production environments.
The presence of identical ESBLs in both feed and animal faeces points to feed as a relevant source of ESBLs. Nevertheless, since samples were collected from common food suppliers we cannot rule out a possible secondary contamination occurring in the farm environment. Moreover, the presence of bla ESBL genes in liquid manure highlights the risk of transmission to the environment and also to other hosts (including humans). 1 Variability in the prevalence of ESBL-producing isolates among farms (only two out of five farms analysed) could be related to differences in the sampling (number/type) or the source of the piglets or feed, and/or animal management practices between distinct farms. It is of interest to highlight that both ESBL-positive piggeries (piggery E and piggery F) belonged to the same owner, possibly sharing piglets, feed providers, common antibiotic practices and/ or farm workers. Despite the fact that we have detected different ESBL types in these piggeries (TEM-52 and CTX-M-1 in piggery F and CTX-M-32 in piggery E; Table 1 ), which might be explained by differences in the number/type of samples analysed in each farm, it is reasonable to suspect dissemination of ESBL strains and/or plasmids among these farms.
ESBL-producing E. coli isolates belonged to phylogroups A (n¼12/22, 55%), B1 (n¼6/22, 27%), B2 (n¼2/22, 9%) or D (n¼2/22, 9%) (Table 1) , which were differently distributed among TEM-52 (n¼13; 6 A 1 , 1 A 0 , 3 B1, 2 B2 2 , 1 D 1 ; 8 clones), CTX-M-1 (n¼3; 1 A 0 , 1 B1, 1 D 1 ; 3 clones) and CTX-M-32 (n¼6; 4 A 1 , 2 B1; 4 clones) producers. The higher proportion of A and B1 isolates is in agreement with that described in other non-human hosts, 12, 18 and it is of interest to highlight that these phylogroups have been increasingly recovered from clinical samples (our own unpublished results). 19, 20 Despite the high clonal diversity detected (22 isolates, 15 clones), 41% (n¼9/22) of the isolates belonged to sequence type (ST) 10 (3 CTX-M-32), ST34 (1 TEM-52) or ST227 (5 TEM-52) ( Table 1) , these latter corresponding to single-and double-locus variants of ST10, respectively. They were recovered from different piggeries and samples (faeces, feed, liquid manure or hide swab), confirming the widespread distribution of ESBL-encoding clonal complex (CC) 10 isolates. In fact, ST10 E. coli isolates have been frequently identified in humans (patients, healthy individuals), animals (poultry, swine) and food products (retail meat), and associated with a diversity of ESBLs, including TEM-52. 5, 15, 18, 20 However, the high variability of PFGE patterns and/or serotypes prevents us from establishing a direct link between isolates from different niches and consequently transmission pathways. 6 Conjugative transfer was achieved in 95% (n¼ 21/22) of the isolates and bla ESBL genes were identified in epidemic IncI1 (bla TEM-52c ) or IncN (bla CTX-M-1 , bla CTX-M-32 ) plasmid types, and occasionally on IncFII (bla CTX-M-32 ) plasmids (Table 1) . Remarkably, the bla TEM-52c gene was located on a 90 kb IncI1 plasmid (rep identical to that of the pSL476 plasmid) identified as ST3 by pMLST, detected in diverse E. coli clones in the same farm (Table 1 ). This plasmid variant was identical to that circulating in Portuguese clinical E. coli isolates producing TEM-52 (2003-04), but differing from the plasmid variants (bla TEM-52c /ST36 or bla TEM-52c /ST5) circulating in humans and poultry in other EU countries, 5, 7, 8, 21 suggesting local and independent emergence and spread. A common IncI1/ST3 plasmid has also been associated with the spread of other ESBL types (CTX-M-1, SHV-12) in E. coli and Salmonella from food-producing animals (poultry, cattle, goat), pets and humans in France, Italy and the Netherlands. 5, 7, 22, 23 The bla CTX-M-1 and most bla CTX-M-32 (67%, 4/6) genes (identified in different E. coli clones and farms) were located on highly related 40 kb IncN/ ST1 plasmids (rep identical to that of the R46 plasmid), suggesting plasmid spread and further bla evolution (bla CTX-M-1 to bla CTX-M-32 ) by point mutation (Table 1 ). These genes have been linked to similar genetic environments (IS26-DISEcp1-80 bp-bla CTX-M-1 -orf477 versus ISEcp1-IS5-80 bp-bla CTX-M-32 -orf477) that have also been found within IncN and also IncI1 plasmids circulating among diverse E. coli and Salmonella from multiple origins, 9, 23, 24 illustrating the high plasticity of these genetic platforms. An identical RFLP pattern was also observed for an IncN::bla CTX-M-32 plasmid previously recovered from an E. coli identified in marine waters, 25 suggesting dissemination in the environment. One CTX-M-32-producing isolate contained qnrS1, but other PMQR determinants were not found. In summary, we describe a piggery reservoir of bla TEM-52 and bla CTX-M-1/-32 genes mostly associated with the spread within and between epidemiologically related farms of epidemic plasmids (IncI1/ST3 and IncN/ST1, respectively) and particular clones (ST10 CC) increasingly identified in humans and animals in different EU countries, highlighting their widespread distribution along the food chain. The high promiscuity of these antibiotic resistance platforms (diverse bla ESBL genes and genetic environments) seems to contribute to local diversification and amplification of ESBL-encoding plasmids and strains.
